Abstract
Introduction
Wireless Sensor Network (WSN) is widely used to observe and control certain environments, for various purposes such as emergency services, security and weather monitoring [1] . WSN includes single or multiple sensing elements, a data processor, communicating components and a power source with limited energy capacity [2] , [3] . The sensing element, such as a sensor node, performs measurements related to its surrounding environment. The measurement data are processed in a processing unit and subsequently forwarded over a wireless channel to a base station, where they can be accessed by a user [3] .
One constraint of the use of WSN is the limited power of each sensor node, so energy consumption efficiency becomes an important issue in WSN. Routing is a function in WSN, which consumes a substantial amount of energy. Researches on network layer WSN systems aim to achieve an efficient route setup in terms of power, as well as allowing consistent data communication from sensor nodes to the base station [1] - [4] . Routing protocols developed for data communications network with the aim of achieving high Quality of Service (QoS) is generally not appropriate for WSN [3] due to the limitations of power source, storage capacity and data processing in the sensor nodes. Without specific routing protocols, with low energy consumption, the lifetime and WSN connectivity will be degraded. In LEACH, several nodes will be selected as a cluster head (CH). The number of CH nodes is proportional to the number of clusters. The node, which is selected as a CH node, will consume more energy than non-CH nodes [5] [6] [7] [8] [9] [10] . Nodes that run out of energy will cease operating and the number of nodes in the system will be reduced. The purpose of this study is to evaluate the energy consumption of LEACH routing protocol for WSN systems and to find the optimum number of clusters. In order to obtain the minimum energy consumption, an evaluation was performed to identify the influence of the number of nodes on the optimum number of clusters. The simulation is performed using Network Simulator 2 (NS-2).
Research Method
The routing protocol evaluated is Low Energy Adaptive Clustering Hierarchy (LEACH) routing protocol in Wireless Sensor Network (WSN). LEACH algorithm is divided into two phases [2] , [9] : In the setup phase, the process of determining the cluster head (CH) and cluster formation, or often called clustering algorithm, is carried out. In this phase, LEACH selects several sensor nodes in order to act as a CH. Once the CH is formed, the CH node must broadcast an advertisement (ADV) Multiple Access/Collision Avoidance (CSMA/CA). This message contains the ID Node and Header. When the non-CH nodes receive the ADV message, they will send a joint request (JOIN-REQ) message that contains ID Node and ID Header to the CH node that they choose based on the strongest received signal in order to join and form a cluster [5] . When the CH nodes receive a JOIN-REQ message, they will make a TDMA schedule for each member of their cluster. The processes carried out in the set up phase are shown in Figure 1 .
Figure 1. The Set Up Phases
The nodes that act as a CH will expend more energy than non-CH nodes. This is because the CH nodesreceive data from all other nodes in the cluster, compress the data, and send the data to the Base Station located farther than the distance between one non-CH node to another [5] . Therefore, in order to keep the energy consumed by each node equitable, each node that acts as a CH will be substituted by other non-CH node at the next round (r+1). Every node has a chance to be a CH. Each node number i thatcontends to be a CH will choose a random number between 0 and 1. If the random number is less than the threshold (P i ) and the number of clusters that have been formed is smaller than the desired number of clusters, then the node number i will be elected as CH. The threshold value can be calculated using (1) [5] .
where k is the number of CH, N is the number of sensor nodes in the network and r is the number of rounds that have been completed. C i is a function that indicates whether or not the node number iis a CH in the most recent round. If node iis a CH in the most recent round the value of C i is 0 and C i is 1if node i is eligible to become a CH. The threshold value for the node that acts as a CH will be set to 0 in the next round. A node that acts as a CH will be re-elected as a CH after N/k rounds because the energy of every node is expected to be the same after N/k rounds. Equation (1) is used if the existing nodes in the network have the same energy. If the energy of each node is different, then the threshold can be determined using (2) [5] .
(2) Where E i is the current energy of node i in Joules,E total is the total energy of all nodes in the network in Joules and k is the number of clusters. Thus, the nodes that have more energy will be chosen as a CH more often.
b. Steady State Phase
In the steady state phase, the CH nodes receive all data from each member of the cluster, compress the data and forward the data to the Base Station (BS). The non-CH nodes will send the data to CH nodes according to a TDMA schedule. The steady state phase is shown in Figure 2 . The power used to transmit the message is affected by the distance between the transmitter and receiver. If the distance between the transmitter and receiver is smaller than a crossover distance, the free space propagation model is used in the simulation. Otherwise, if the distance between transmitter and receiver is greater than the crossover distance, the two ray ground propagation model is used in the simulation. Crossover distance can be calculated using (3) [6] : (3) where h r and h t are the height of the receiver and transmitter antenna in metres, is the wavelength of the carrier signal transmitted from transmitter to receiver in metres and L is the system loss factor. Power used to transmit information/message can be calculated using (4) [7] :
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where P t is the power used for transmission in Watts, d is the distance between the transmitter with the receiver in meters, , and BW is bandwidth in bps. The total power used to transmit information can be calculated using (5) with radio electronics energy is in J/bit [7] .
.
Thus, the required transmit energy can be calculated using equation (6) . is in Joules, and l is the size of the sent message in bits. The power used to receive a message can be determined using (7) (7) Where P r is the power that is used to receive information in Watts. The energy required to receive such information can be calculated using (8):
Where E r is energy that is used to receive information in Joules.
The simulation is performed using Network Simulator 2 (NS-2) version 2.34 based on Ubuntu. Based on this fact, the optimum number of clusters can be determined. In order to investigate the effect of the number of nodes on the optimum number of clusters, a simulation with a varying number of nodes has been used. The lifetime of the network is also observed in the simulation. The number of nodes variation used is 80, 100 and 120 and the cluster number used is 2, 3, 4, 5, 6, 7 and 8. For the simulation, the nodes are positioned randomly in the network. The energy consumption observed in this simulation is the total energy used by each node in the network to send and receive data. In the simulation, the total energy used by each sensor node was observed every 10 seconds. The simulation parameters are shown in Table 1 . 
Results and Analysis
The parameters given in Section 2 are used to simulate the LEACH routing protocol in a Wireless Sensor Network by using Network Simulator 2 (NS-2). In this simulation, the number of nodes were varied between 80, 100 and 120 nodes, and the number of clusters used are 2, 3, 4, 5, 6, 7 and 8. The simulation result for 100 nodes was taken from [9] .
The simulation result for 80, 100 and 120 nodes grouped into 2 clusters is given in Figures 3-5 . The CH substitution was performed in each round and the number of CH nodes for each round was fixed. In the simulation, one round lasted for 20 seconds.
The result for performance simulation of LEACH routing protocol in the WSN can be seen in Table 2 . Table 2 shows that the optimum number of clusters is 5 when the number of sensor nodes used is 100.This result agrees with [6] with the exception that in [6] only 100 nodes were used in the simulation, therefore the impact of the number of nodes on the optimal number of clusters cannot be identified.
It is also shown that the energy consumption is directly proportional to the number of nodes. This is due to the fact that as the number of nodes increases, the more data will be sent to the base station, requiring an increased amount of energy. From Table 2 , it is also observed that the number of nodes will affect the optimum number of clusters. The optimum number of clusters when there are 80 nodes in the network is 4, while for a network with 100 and 150 nodes the optimum number of clusters is 5 and 6, respectively. So the optimum number of clusters is 5 percent of the number of sensor nodes used in the simulation. Table 3 shows the relationship between the number of nodes used and the lifetime of a WSN. When the numbers of nodes are 80, 100 and 120, a long lifetime is obtainable when the numbers of clusters are 4, 5 and 6, respectively.Based on the results in Table 2 , it is seen that 4, 5 and 6 is the optimum number of clusters for the 80, 100 and 120 nodes. Based on the results shown in Tables 2 and 3 , it is observed that when the number of cluster is optimal, the network will have a long lifetime with low energy consumption, making it energy-efficient.
Conclusion
Simulation results show that the adaptive clustering hierarchy algorithm that is applied for routing protocols in WSN systems can minimize energy consumption. Without clustering the data transmission process consumes a lot of energy because each node must be able to reach the Base Station. To achieve the minimum energy consumption levels in the implementation of Adaptive Clustering Hierarchy Routing Protocol it is necessary to determine the optimum number of clusters. The number of nodes can affect the optimum number of clusters and lifetime. The simulation results also show that the energy consumption is directly proportional to the number of nodes.
